The equilibrium constant, partial molal volume, entropy and enthalpy of the formation of HSO4 ion in aqueous solutions have been determined up to 473 K and 975 bar at the ionic strengths 1 = 0 as well as in NaCl solutions having I = 1, 0.5 and 0.1 mol kg" At 473 K, for instance, the thermodynamic formation constant K° decreases by « 0.75 log units from saturation pressure to 975 bar. The corresponding decrease of the apparent formation constant Q at I = 1 m is «0.6 log units. The increased dissociation at higher pressure leads to a decrease of the partial molal volume and entropy due to the resulting higher electrostriction in the system.
Introduction
Knowledge of the formation constant of HS0 4 in aqueous solutions under high temperature and pressure is necessary for the thermodynamic characterization of various technical and geochemical hydrothermal systems containing S0 4 _ . Various authors [1] [2] [3] [4] [5] [6] [7] [8] [9] have determined this constant up to 623 K along with the corresponding saturation pressure. Studies under higher pressures are lacking, probably because the pressure effect on the equilibrium constant of ion association in aqueous solutions is, in general, thought to be much smaller than the temperature effect.
However, with respect to the solar energy storage, potential assisted photoelectrolysis of SO4 -containing water at high temperatures and pressures is presently investigated in our institute. Current/voltage curves obtained from cyclic voltammetric measurements using an Ag-Ag 2 S0 4 electrode as a reference, are analysed to study this process. Knowledge of the formation constant of HS0 4 is necessary for the calculation of the potential of the Ag-Ag 2 S0 4 electrode, as well as for the interpretation of such curves.
We have, therefore, determined the apparent formation constant (Q) of HS0 4 up to 473 K and 975 bar by means of Potentiometrie measurements in aqueous NaCl media having the ionic strengths I = 1, 0.5 and 0.1 m, using the high temperature -high pressure cell described by Becker and Bilal [10] . The thermodynamic formation constant (K°) was then determined 
The Debye-Hückel term (second term on the r.h.s. of (1)) was first calculated from the values of log K° and log Q (in NaCl media of / = 0.1 -5 m) determined by Dickson, Wesolowski, Palmer, and Mesmer [9] at different temperatures along with the corresponding saturation pressures. To obtain its value at higher pressures, the coefficients Ay and By were corrected to their values at the pressure of interest given by Helgeson and Kirkham [11] . The values corresponding to pressures not explicitly given there were interpolated from plots of (Ay) T , respectively (By) T as functions of pressure. Log Q (I), obtained at every constant temperature and pressure was then plotted vs. J 1/2 (l +ByäI 1/2 ), and log K° was determined at 1 = 0. Practically no deviation from linearity was observed in these plots, which means that the right values of the Debye-Hückel term were used.
Experimental
The following electrochemical cell was used for the measurement (all concentrations are in molal units mol kg 
The magnitude of the liquid junction potential was estimated from the Henderson equation to be < 0.5 mV.
The stoichiometric activity coefficients of the hydrogen ion in both compartments could be assumed to be the same in the presence of a swamping electrolyte, so that the second term on the right hand side of (3) reduces to zero.
Results and Discussion
The apparent formation constant of the reaction 
C Na+ denotes the total concentration of Na = 2y + z and Ö is the apparent formation constant of NaS0 4 . Its values as functions of /, T, and p were calculated from log ^Naso4 given by Oscarson, Izatt, Brown, Pawlak, Gillespie and Christensen [8] at the different temperatures and the corresponding saturation pressure and the Debye-Hückel term, using the ion-size parameter a NaS o 4 -given by Helgeson, Kirkham and Flowers [12] as well as the coefficients Ay{T,p) and By(T, p) reported in [11] . From (4), (5), (6) , and (7)
where [Na + ] is determined iteratively by fitting (6) and (7), taking [SO|"] = y -x[H + ] for the first iteration step. Table 1 contains the Debye-Hückel term, logQ(/) and log K° at the different temperatures and pressures. The values at saturation pressures are taken from [9] . Figure 1 shows log K°, and (as an example) (log 0i.o m as function of the pressure at different constant temperatures. The extention of these graphs down to the corresponding saturation pressures yields almost the same values given in [9] .
The partial molal volume of reaction (4) at 1 = 0, (AF°), as well as at I = 1 m, (AF^ 0m , were determined from the slopes of the curves in Fig. 1 at various pressure values according to -2.303 RT(d log K°/dp) T = AV°(p),
-2.303 RT(6 log Q(I)/dp) T 
and are summarized in Table 2 .
The pressure dependence of log K° and log Q{I) at constant T is given by the integral of (9) and (10) 
is next used to account for the pressure dependence of AF° and AV(I) accompanying the formation of weak acids and bases in water, where /(p) is a function of pressure which would be equal to p if AF° and AV (I) were independent of pressure. Owen and Brinkley [13] proposed a logarithmic form for f(p), which works rather well but requires two adjustable parameters in addition of AF 01 , respectively AF(J) 1 . El'yanov and Gonikberg [14] later found that f(p) is actually a universal function for the ionisation of a wide range of weak acids and bases in water, which is virtually independent of the temperature and the reaction system. El'yanov and Hamann [15] subsequently showed that it could be expressed analytically by
where for aqueous solutions bis a constant = 9.2x10"* bar" 1 .
To check the validity of this expression for (11) and (12) as well as for the integration of (9) and (10) from the saturation pressures to higher ones at T > 373 K, log k° and log(0 1Om were plotted at the different 1015 B i\a\ and £
Aqueous
Solutions temperatures as functions of P/ ( 1 -(-b p) . Figure 2 shows that straight lines are obtained for T < 373 K. At higher temperatures the linear part of the curves decreases with increasing T. However AF° and (AF) 10m at saturation pressure were calculated from the slopes of the linear parts of the plots and are given in Table 2 . Figure 3 shows AG 0 and AG 1-0m as functions of temperature at different constant pressures. The isobaric temperature dependence of AG 0 and AG, 0m can be described to a good approximation by the empirical equations
where T r denotes a reference temperature. The coefficients a 1? a 2 , b! and b 2 are determined graphically. Their values, as well as the temperature region in which they are valid are shown in Table 3 . AS 0 and (AS) 1-0m of reaction (4) were obtained from the differentiation of (14) and (15) with respect to the temperature at constant pressure,
as well as from the slopes of the curves in Figure 3 .
Their averaged values are shown in Table 4 . AH is then calculated due to the fundamental equations
and are given in Table 5 . The formation constants of reaction (4) increase with increasing temperature, but decreases with increasing pressure. This behaviour is understandable if an electrostatic model for the formation of HS0 4 is considered, due to the decrease of the dielectric constant of water with increasing T and its (moderate) increase with increasing p. However, the volume reduction of the system accompanying the pressure increase is distinctly obtained due to a higher degree of electrostriction which takes place when more charged species are produced by dissociation. The partial molal volume of reaction (4) and AH values to saturation pressure at the different temperatures yields a very good agreement with the values obtained in [9] . The observed decrease of the entropy with increasing pressure is again due to the increasing order in the system because of the higher electrostriction.
